[1] We investigated the processes of sediment exchange between the Strickland River and its lowland floodplain, documenting (1) the rates, textures, and distributions of sediment accumulation, (2) temporal variations in these rates, (3) the remobilization of sediment by erosive processes, and (4) whether net storage is significant over century timescales. We used 210 Pb geochronology of floodplain cores from 11 transects to measure deposition rates over the past $65 years, finding a decline from 5.5 cm/a (0-10 m distance from the channel) to 0.9 cm/a ($400 m) to $0.1 cm/a (>1 km). Rates are elevated along curved sections of channel and are stable over time, and episodic accumulation is prevalent and may be correlated to floods. Integrated temporally and spatially, the average rate is 1.6 cm/a. Integrating along both sides of $318 river km we studied for the lowland Strickland, we calculate 12-19 Mt of annual sediment accumulation ($0.05 Mt/km or 0.07% of the annual load per km of river length), representing 17-27% of the total annual sediment flux. We used georeferenced Landsat images to quantify channel migration and the resulting return of sediment to the channel. Mean lateral migration was 5.1 ± 0.8 m/a. Given the floodplain width of $10 km, this implies a waiting time of $1 ka between floodplain formation and subsequent reentrainment of the bank as the channel migrates laterally. This raises the possibility that the net return of material from the floodplain due to channel migration could balance the overbank deposition we observed. The exchange flux between cut bank erosion and point bar deposition is 20-40 Mt, highlighting the significance of sediment recycling ($50% of the total load). Such sediment trapping and recycling affects the transport, storage, and evolution of biogeochemically reactive particles, the evolution of the floodplain, and the morphodynamics of basin infilling.
Introduction
[2] The tectonically active, tropical watersheds of Oceania may account for almost half of the global sediment flux to the ocean [Milliman and Syvitski, 1992 ]. An archetypal example, the Fly-Strickland fluvial dispersal system comprises the largest river basin in Oceania, ranking among the top 25 rivers in the world for water and sediment discharge, at 189 Â 10 9 m 3 /a and 85 Mt/a, respectively [Wolanski et al., 1997] . These enormous discharges are associated with equally significant biogeochemical fluxes and the rates and mechanisms for construction of lowland river floodplains and basin infilling. Consequently, there are comprehensive research efforts underway to monitor the supply, transport, and deposition of sediment throughout the Strickland River, including a study of floodplain sedimentation of the lowland portion of the river similar to that previously undertaken for the Fly River [Dietrich et al., 1999; Day et al., 2008] . In particular, for at least four different reasons there is a pressing need to document the rates and processes of sediment accumulation across the floodplains, and the rates of removal of this material due to channel migration.
[3] First, there is a local need to document and understand the mechanics of the sediment budget of the Strickland River for both environmental and scientific reasons. In 1993, Porgerea, a large gold mine in the headwaters of the Strickland, began discharging waste rock and fine mine tailings (silt and clay) that contain traces of heavy metals [Apte et al., 2003; Swanson et al., 2008] . Therefore it would be helpful to know the natural rates and spatial patterns of the floodplain accumulation of fine suspended load for the decadal-to-century time periods over which the mine could potentially affect the lowland floodplain. In addition, to complement other studies that documented the sediment fluxes in the Strickland, it would be useful to understand the role that the floodplain plays in modulating the sediment conveyed through and discharged from the system.
[4] Second, there is a more general scientific question of where and how much sediment lowland rivers deposit as they cross large, tectonically active basins, which can intercept 40-60% of the mass input Aalto et al., , 2003 Allison et al., 1998; Goodbred and Kuehl, 1998; Kesel et al., 1992; Potter, 1978] . The Strickland/Fly system presents an excellent location to compare and contrast overbank deposition processes with other lowland river systems that have not been effected so strongly by sea level change (e.g., the Beni/Mamore system in Bolivia ). This study addresses such questions over decadal-to-century timescales, which may help constrain our understanding over still longer timescales.
[5] Third, fine sediment particles are highly biogeochemically reactive, and therefore both convey and modulate chemical reactions for carbon, nutrients, pollutants, and other chemical species. Research that documents the deposition and exchanges of fine particles within the channelfloodplain system has implications both for the fluxes within the river system and for delivery of these materials to margins environments [e.g., Goni et al., 2008; Aller et al., 2008] .
[6] Fourth, there are various ''morphodynamic'' reasons to develop a numerically robust understanding of how rivers transport sediment onto their floodplains and where this material is likely to accumulate. For example, sediment deposition across floodplains is often modeled with an exponential function of rate versus distance [Howard, 1992; Nicholas and Walling, 1997; Walling and He, 1998 ], even though field evidence may suggest otherwise for some large rivers Filgueira-Rivera et al., 2007] . Efforts to document and model the millennialscale infilling of the Strickland River valley (incised during periods of lower sea level during the last glacial cycle) could also benefit from an understanding of how fast the modern Strickland River is infilling its surrounding floodplains.
[7] To quantify floodplain sediment accumulation over the last century, we conducted an intensive floodplain coring campaign to collect core samples for the application of 210 Pb geochronology. This work was closely coordinated with another study of the geochemistry of sediment cores, which uses duplicate cores to provide an independent means to date sedimentation over the last decade [Apte et al., 2003; Swanson et al., 2008] . Because 210 Pb is a naturally occurring radionuclide (half-life 22.3 years) derived from radon decay in the atmosphere and soil, and recent changes to the total sediment load of the lower river are minor ($15% over the past decade), 210 Pb systematics would not be substan- Figure 1 . Location of the Strickland River within Papua New Guinea and the Fly River system. The five primary floodplain transect locations, shown as numerals 1 -5, are stable reaches of channel. Additional transects 10-15 were selected for more mobile reaches of channel (see Figure 2 ). Gauging stations SG4 and SG3 are denoted, with the discharge record from SG4 presented in Figure 10 .
tially affected by such slight changes in sediment efflux or source. This paper summarizes our results on the basis of an analyzed subset of 53 cores from 11 floodplain transect locations (along with others from a small tie channel and stable upland surfaces). We also present GIS analysis of the rates of channel migration since 1972, which can be combined with our field surveys of bank height and documentation of sediment density to estimate the rates of channel shifting and resulting erosional fluxes from cut banks and deposition fluxes onto point bars.
Study Site and Field Methods
[8] The Strickland River drains a mountainous region of Papua New Guinea's Western and Highlands Provinces (Figure 1 ). Rapid, active deformation of the Papuan Fold Figure 2 . Zoom map of floodplain transect locations 2 -4 within the central portion of the Strickland River, also depicting six additional transects (10 -15) taken to document processes at more dynamic, curved reaches. Exact coring locations are depicted (circles). Cross hatching is 10 km in scale. The Mamboi River drains the lowland floodplain into Lake Murray, and the Herbert River drains Lake Murray into the Strickland. Curved  250  150  616645  9236065  4  205  Straight  150  475  600723  9210352  11  125  Curved  100  350  577187  9200651  3  120  Straight  350  350  577269  9197946  13  110  Curved  250  150  571676  9194251  12  105  Distal FP  $1500  575207  9198475  10U  95  Curved  700  100  566458  9194126  10D  85  Curved  300  0  565832  9193295  14  75  Curved  325  100  565620  9188124  2  70  Straight  300  435  564324  9185024  15  55  Curved  100  285  553781  9182978  1  10  Straight  300  25  540586  9170257   a Locations are listed from upstream to downstream by distance (km) from the confluence with the Fly River at Everill Junction (see Figures 1, 2 , and 11). Coring/survey transect lengths are reported, along with basic geometry. UTM coordinates are for zone 54S. 
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Belt by the ongoing collision of the Pacific and Australian plates forms steep topographic expressions within weak, fractured karst and sedimentary lithologies, which erode rapidly in the deluge of up to 10 m of annual rainfall. The Strickland supplies approximately 95% and 60% of the sediment and water discharge of the Fly River system, respectively, with a annual sediment efflux of $70 Mt [Dietrich et al., 1999; Markham and Day, 1994] .
[9] In June of 2003, we conducted a sampling campaign along several hundred kilometers of the Strickland River floodplain. Five transect locations were selected along historically straight channel reaches (Figures 1 and 2 and Table 1 ) that had been previously surveyed in the mid1990s. At these locations, transects perpendicular to the channel were cleared for distances of 100-600 m into both sides of the floodplain. These transects were surveyed to characterize topography, and sediment cores were extracted every 25 or 50 m (from 0 -100 m and >100 m, respectively). Duplicate or triplicate cores were collected with a specially constructed 105-cm length, 2.5-cm diameter, thin walled soil probe, using field techniques tailored for sampling of partially saturated river floodplains. Supplementary largediameter cores were collected using several additional coring devices. Recovery was usually excellent, with the longest of the cores selected for 210 Pb analysis typically of 80-105 cm in length and the shorter cores selected for the mine tracer analysis [Swanson et al., 2008] (in shorter cores, a hard sediment plug formed that blocked the cutting head, preventing further sediment entry). In addition to the five straight sections, we collected five additional floodplain transects across sinuous channel segments and one along the banks of an oxbow lake (Figure 2) . Altogether, the $190 cores collected along these 11 floodplain transects characterize a wide range of channel geometries and conditions, timing, and rates of sediment accumulation along hundreds of kilometers of the Strickland River.
Geochronology

Laboratory Analysis
[10] The cores were packed in a horizontal position, shipped by air freight to the University of Washington, X rayed to document stratigraphy, and archived in a cold room. Selected cores were then cut at 2 cm intervals for analysis. Our laboratory procedure for geochronology of floodplain sediment is to dry the resulting 8 -12 gram interval samples for 24 hours at 55°C and split the homogenized sediment samples for grain size analysis and 210 Pb geochemistry.
[11] Particle size analysis is accomplished by duplicate runs for the <250 mm size fraction, separated by wet sieving, on Micromeritics 5100 Sedigraphs. Because Sedigraphs measure the X-ray opacity of a settling column over time, they can accurately measure the mass distributions of very fine particles, including a measurement of particle mass <1 mm, providing precise measurement of the clay fraction available to adsorb 210 Pb. Our Sedigraph procedures include a number of stirring, drying, and sonic bath cycles in a weak sodium metaphospate solution, a procedure designed to disperse clay nodules often found in floodplain soils. Sample concentrations and machine settings are selected to maximize the accuracy of determining the mass fraction of clay (<4 mm), which has been demonstrated to account for the majority of 210 Pb activity of fluviatile sediment [Goodbred and Kuehl, 1998 ; R. Aalto and C. Nittrouer, Application of fallout 210-Pb geochronology to large river-floodplain systems, manuscript in preparation, 2008, hereinafter referred to as Aalto and Nittrouer, manuscript in preparation, 2008] . Because accurate quantification of the fine fraction is essential to our analytical procedure, we run duplicate measurements on all samples and have standardized procedures for identifying and rerunning samples that have given erroneous results.
[12] The activity of 210 Pb is determined by counting the alpha activity of the 210 Po daughter. This approach gives precise measurements of 210 Pb activity with a sample size of only 1 -5 g (in contrast to the much lower precision of and tens of grams required for direct gamma assay of 210 Pb activity). Furthermore, 210 Po can be selectively leached from the exterior of the mineral grains to measure only mobile, exogenic 210 Pb activity, not mineral-locked, endogenic activity bound within the grains that can represent significant noise -more than three times that of the exogenic component for radium-bearing sediment (Aalto and Nittrouer, manuscript in preparation, 2008) . We leach samples on a hot plate at 100°C with 12 N nitric and 6 N hydrochloric acids, autoplating 210 Po onto silver planchetes suspended in a mild HCl solution [Nittrouer and Sternberg, Pb supports a ''meteoric cap'' XS activity of 16.1 DPM/cm 2 , a rate found in other terrace cores. XS activity is adsorbed mostly in the top 10 cm. (b) Floodplain core ''4R-150m,'' which shows evidence for recent sediment accumulation only within the top 2 cm (break denoted with horizontal line). The underlying meteoric cap XS activity of 16.0 DPM/cm 2 closely mirrors the signature of nondeposition terrace cores. Cores with low or no sediment accumulation are typical in transects 3, 4, and 10 (Table 2 ). X rays depict that both cores are undisturbed, massive, and without fractures and without signs of sedimentary structure. (c) Calibration curve used to predict supported 210 Pb activity, showing fits of DPM per gram (squares) and DPM per gram clay (circles) as a function of clay fraction in ''old'' sediment. Old sediment was identified in portions of 20 cores that met all three of these criteria: (1) below 30 cm depth, away from the strongest effects of meteoric precipitation, radon ventilation, and near-surface bioturbation (Table 4) ; (2) clearly identifiable zones of three or more intervals measured at very low and uniform activity and spanning to the full depth of the core; and (3) from sites characterized by near-zero sedimentation rates, such as terrace cores and distal floodplains. Such an approach to define supported activity as a function of grain size has been used successfully in the Amazon basin 210 Po by matching acid volumes to sample masses and avoiding excessive heating and dissolution of the samples.
Analytical Procedure
[13] Our analytic procedure is to make 8-20 measurements of clay-normalized excess (XS) 210 Pb activity at many discrete depths throughout a core to deduce what rates and/or timing of sediment accumulation best explain that activity profile. This methodology follows the ''CIRCAUS'' approach (constant initial river-reach clay activity, unknown sedimentation) that we have now tested for five different river systems Aalto et al., , 2003 Aalto and Nittrouer, manuscript in preparation, 2008] . The basic concept is to specifically measure the activity of mobile 210 Pb, which adsorbs primarily to clay surfaces. If the supported portion of this activity due to soil radon decay can be determined and the XS portion deconvolved into the river sediment and meteoric rainout components, it is then possible to produce relatively smooth XS activity profiles (after normalizing to account for clay variability). Such noise-free profiles can be used to identify features and trends in the XS activity profiles that can precisely quantify the rates and/or dates of the associated sediment accumulation.
[14] Three system-wide unknowns must be determined for an effective application of 210 Pb geochronology to floodplains: meteoric rain rate, supported background activity, and initial concentration of XS 210 Pb activity in river sediment carried over bank during floods [Appleby and Oldfield, 1992; He and Walling, 1996; Walling et al., 1992] . Cores taken from elevated terraces along the Strickland River exhibit a supported ''meteoric cap '' 210 Pb activity of 15-17 DPM (decays per minute) per cm 2 (Figure 3a) , a rain rate that should vary little over the study area and is therefore also measured in distal floodplain locations with limited sedimentation (Figure 3b ). To determine supported background activity by the ''clay-normalized asymptote method,'' a global relationship is determined for clay concentration versus all 210 Pb concentration data from deeper zones of uniform activity (Aalto and Nittrouer, manuscript in preparation, 2008) . For the study area, the resulting supported activity line (Figure 3c ) indicates that Strickland River sediment produces radon (or contains radium) within both the clay and silt fractions. For each analyzed core depth, the predicted supported activity from the best fit line in Figure 3c was subtracted from the total measured activity to determine the XS activity per gram clay at each discrete depth. Finally, the XS activity of fresh river sediment recently transported onto the floodplain ranged from 1.6 to 1.3 DPM/g clay, declining monotonically from upstream to downstream reaches, as determined at all 11 river transect locations throughout the system. A simple matter remains of dating via radionuclide decay, calculating how long it would take to reach an observed XS 210 Pb concentration from a documented initial concentration. Because of the lower initial concentrations of XS 210 Pb (<1/3 of that from rivers in South America reported by Aalto et al. [2003] ), the variability in this concentration during floods in the Strickland River, and the resulting noise in the ''plateaus'' of uniform activity seen in our cores (interpreted as discrete Locations are survey transect, left or right bank, and distance from the channel. Accumulation rates are given in cm/a. Reported rates are the averages of all accretion events resolved in the core (e.g., if sediment accretion in 2003 and 1983 had rates of 3 cm/a and 1 cm/a, respectively, the reported average rate would be 2 cm/a). In turn, group averages for these rates are presented for both channel banks of each transect (far left column) and each interval for distance from the channel (bottom row). Because of the per-core averaging, the rates are slightly different from per-event averages presented in Table 3b . Bold sites represent the side to which the channel is migrating. Bracketed rate is the only core that was inconsistent with the documented last decade sedimentation depth from Swanson et al. [2008] . sediment deposits), our error estimates (analytical plus natural variability) for sediment dates are typically in the range of plus or minus 3 -7 years (the specific value is calculated for each date). While this is far less accurate than the ±1 -3 years that we have achieved elsewhere [Aalto et al., , 2003 , it is sufficient to determine rates and subdecadal dates for sediment accumulation along the Strickland River.
[15] For verification of our results from the 210 Pb geochronology, we compared our study cores against duplicate cores analyzed for penetration depth of the anthropogenic mine tracer (which gives accumulation rate since 1993, as reported by Swanson et al. [2008] ), finding that in all but one case (Table 2) , the two methods agreed within 5 cm of each other (many were within 2 cm) where the tracer data were of sufficient resolution for direct comparison. A second means of independent verification is that the tops of most sediment deposits (including buried deposits) also exhibit in growth of XS activity from the fallout and absorption of meteoric 210 Pb during the time that they were Figure 3 . (a) Floodplain core ''5L-250m,'' which shows evidence for constant sediment accumulation at 1.2 cm/a (fit line), a higher rate typical for transect 5. A more detailed interpretation is that $12 cm of sediment arrived within the last 5 years, overlying a lens of sediment to 46 cm depth that dates to 1991 ± 4 years, overlying a lens of sediment to 64 cm that dates to 1970 ± 7 years, overlaying a zone of low activity sediment below 70 cm depth that dates back to the 1950s. X rays depict sedimentary structures preserved within the center region of the core. (b) Floodplain core ''1L-200m,'' which shows evidence for two episodes of recent sediment accumulation above old (XS = 0) sediment deeper than 32 cm. The top 10 cm of sediment dates to 1994 ± 6 years with a disturbed meteoric cap. Below that, the sediment from 18-32 cm dates to 1971 ± 7 years, with 1988 cap (also disturbed, probably by scour erosion of the top few centimeters). This is consistent with the arrival of pulses of sediment in the mid-1990s and early 1970s, a characteristic result for all cores from transect 1. X rays depict clear sedimentary laminations to 8 cm, featureless thereafter. exposed to the surface. As illustrated in several of the examples in the next section, we are able to calculate the exposure time necessary to grow in this additional ''meteoric cap'' activity (above the underlying ''plateau'' of uniform activity associated with a deposit) at the 210 Pb fallout rates that we have documented from terrace cores (undisturbed locations without sedimentation). Dating of such meteoric caps requires assumptions of (1) no removal of sediment from the surface by scour and (2) limited diffusion over decadal timescales, such that the caps are intact and clearly recognizable, conditions that our work here and elsewhere has lead us to believe are typically satisfied and are recognizable when they are violated.
Interpretation of Representative Pb 210 Profiles
[16] On the basis of the preceding 210 Pb systematics, interpretations were made from the activity profile data of all cores. Three principal patterns emerge from these results. The first is that there are large portions of the floodplain that are not receiving any sediment, as evidenced in cores from the distal portions of stable, straight-reach transects at 3, 4. These cores (Figure 3b ) essentially mirror the profiles in Pb half-life). Dated core locations are notated, and interval tops are marked with circles (solid, 1990s; open, 1980s) . Brackets indicate older lenses of sediment, either 1970s, on the left bank side, or much older (>3 half-lives or >65 years), on the right bank side. Question marks indicate unknown boundaries for underlying lenses of sediment, some partially constrained and some purely conceptual (e.g., >65 years sediment on right bank and left bank). (b) Topographic cross section for transect 2. All coring locations are marked with circles, with the distance noted for the core locations that were dated. It appears that the natural levees are growing rapidly in this location, with accumulation of up to 1 m of sediment over the past decade alone. Details from coring sites L-75m and L-150m are presented in Figure 5 . cases the accumulation rates are so high that the core bottom (at 80-100 cm depth) 210 Pb activity is still well above the supported activity. A third pattern emerges for several of the downstream transects, where multiple recent deposits (each of 1 -4 dm thickness) overlie older sediment of zero XS activity (Figures 4b and 5 ). Most of these discrete deposits were exposed to the surface for several years and therefore also contain meteoric caps within the upper $10 cm. The XS 210 Pb activity in these caps above that of the underlying plateau can be integrated and the duration quantified (except in cases of excessive bioturbation or incomplete cap resolution due to scour or other loss of material) independently from the age determined for the plateau sediment. The deposits shown here are dated both by (1) radionuclide decay since deposition and (2) exposure age of the meteoric cap to have arrived over the last few decades. Such lenses of sediment are generally consistent between cores ( Figure 5) and along transects ( Figure 6 ). Therefore sequences of cores along such transects can provide insight into the rates and dates of the overbank accumulation of sediment lenses.
[17] Dating error reported in Figures 4 and 5 represent a propagation of all errors associated with the date: the range of initial XS concentration at a site determined from variation in fresh river sediment (±0.2 DPM), the confidence interval for the average of all activity measurements in a single dated deposit, the analytical error for both the activity and the grain size normalization procedure, and the error associated with the determination of the supported activity. Such errors typically are in the range of 3 -7 years. The analytical errors associated with the meteoric cap exposure age are generally better, just a few years, but the actual error is more difficult to calculate, because of the real possibility of the loss of material (e.g., losing only 0.5 cm off the surface or otherwise failing to resolve the full extent Tables 3a and 3b for explanation). Much of the resolved sedimentation has occurred within the past 20-30 years (Table 3c and Figure 9 ) because most cores with significant sediment accumulation do not fully penetrate to background activity; therefore the penetration method underestimates the actual sedimentation rates by a factor of 3 -5. Curved reaches consistently have a higher sedimentation rate than straight reaches. For comparison, tracer rates from Swanson et al. [2008] are presented (±2-3 cm is typical standard deviation). Averaged out to 1.0 km, mean accumulation rates for all study transects were 1.64 ± 0.39 cm/a for the entire record and 2.27 ± 0.31 cm/a for the past 10 years. The decline of accumulation rates away from the channel is much steeper than can be approximated with an exponential curve (shown). (b) Average grain size distribution as a function of distance from the channel, integrating all depths from all cores. Curved reaches consistently have more silt and less clay than straight reaches, while sand distributions are similar.
of the cap can make a large difference in greatly reducing the apparent exposure age). The overestimation of a cap age because of the inclusion of recent sedimentation is another possibility, although the characteristic high activities and sharp form of well-developed meteoric caps cannot generally be constructed by sedimentation. Therefore the meteoric exposure ages for identifiable activity caps should be considered to be minimums; the actual exposure age is not likely to be more than a few years younger than the cap age, but it is often 5 -10 years older. In practice, the most sharply defined meteoric caps typically have exposure ages that are quite close to the date of the sediment in the underlying plateau (e.g., Figure 5 ). The presence of a well-defined meteoric cap also indicates that there has been little erosion during the period of exposure and the subsequent burial event. Therefore cores characterized by deposits topped with such sharp caps can be considered as solely depositional in nature, without scour or even much bioturbation (that would smear out the form of the cap).
Determining Accumulation Rates
[18] Given a sequence of datable accumulation events such as those depicted in Figures 4 -6 , there are several ways to calculate the corresponding rates of deposition. The simplest procedure is to divide the maximum depth at which we have measured nonzero XS activity and divide that by our temporal analytic resolution, which is approximately 65 years for individual points. (From a starting XS activity of 1.6, it takes approximately three 210 Pb half lives for activity to decay to the ±0.2 DPM/g clay precision we have in measuring clay-normalized 210 Pb activity for single points, including our error in predicting the supported activity. For multiple points of similar activity with good AALTO ET AL.: DYNAMICS OF STRICKLAND RIVER FLOODPLAINS statistics, it may be possible to extend dates out an additional half-life.) We applied this ''penetration method'' to estimate rates for all of our cores, as presented in Figure 7a and Table 3a . Because well less than half of our cores reached depths with sediment of zero XS activity, we can expect this approach to significantly underestimate the actual accumulation rates, especially for cores from zones with high rates of accumulation (e.g., near the channel). Therefore we prefer to utilize the ''event'' method, which divides the thickness of a sediment lens by the time since it was deposited, or if it is buried, the difference in age of the overlying deposit ( Figure 7a and Table 3b ). The advantage of this approach is that we can calculate discrete sedimentation rates for multiple lenses of sediment in each core. For example, multiple, distinctly identifiable sediment deposits in our 53 cores give us a total of 96 datable sedimentation events with discrete grain sizes (Figures 3 -5 and 7b ). We are also more likely to know the age of the overlying surface, because stratigraphic superposition dictates that it is preserved above lower accumulation events. In the case of ''fresh'' sediment that has been recently deposited within our analytic temporal resolution of $5 years, we therefore assume that this lens of material represents sediment deposited over the last 5 years, and also provides values for accumulation rates in this material that are similar to the average rates over the last few decades (Table 3c) . (This assumption of a maximum time interval for recent sedimentation is similar to and facilitates comparison with the penetration method used to quantify sedimentation with a mine tracer over the past decade used by Swanson et al. [2008] ). Like the penetration method, the event method also will underestimate rates when the lower bound of a deposit is not resolved, because the full thickness of the deposit has not been resolved. However, because of the dating resolution of $5 years, such underestimates are less prevalent than the penetration method and limited mainly to sediment older than a few decades toward the bottom of the core. Because of the activity profile resolved throughout much of the core, these underestimates are identifiable on a case-by-case basis and the magnitude of this error is far less than in the case of the penetration method.
Discussion of Rates and Timing
[19] Event-based accumulation rates are presented for all cores in Table 2 , with rates grouped by channel geometry and date in Tables 3b and 3c . Event rates are clearly higher than penetration rates, by a factor of 3 -5. In Figure 7a , rates are observed to decline strongly away from the channel, much more steeply than can be fitted by a simple exponential function, as observed on other tropical rivers ]. These accumulation rates are due to a combination of advective transport by outflow over the channel banks and across the steep natural levees into the lower regions distal from the channel (Figures 6b and 8) , the lateral diffusion of sediment by fluid shear [Pizzuto, 1987] , and the lateral accretion of sediment by channel migration (likely of limited significance here, as discussed in section 5.2). Rates and grain sizes (Figure 7b ) are also consistently higher for sinuous reaches of channel versus straight reaches, a contrast that is often manifested on the floodplains on the cut bank side (e.g., transects 5 and 15), reflecting that the processes of overbank advection of sediment are significantly stronger in such locations in contrast to more diffusive sediment transport processes. Averaged out to the limit of our data at approximately 1 km (weighted by distance interval), mean accumulation rates for all study transects were 1.64 ± 0.39 cm/a for the entire record. These rates are listed in cm/a, but they can be multiplied by the measured density (Table 4) of fresh, uncompacted sediment of 1.5 g/cm 3 to obtain mass fluxes.
[20] We tabulated our data to investigate how average floodplain sedimentation rates varied as a function of time (Table 3c ). In Figure 9 it appears that accumulation rates have not varied substantially over the past 20-25 years. The The event method divides the thickness of a deposit by its age minus the age of any overlying deposit (zero age for the surface; fresh deposits are assumed to be representative of the last 5 years because that is our approximate accuracy of dating). Rates and confidence intervals are plotted in Figure 7a . Data are described and plotted in Figure 9 . X radiographs of all 200 study cores show that fractures (dessication cracking) and fine roots are common throughout the top 10 -20 cm of many cores. The X radiographs and geochronology also illustrate that sediment may arrive as lenses many decimeters in thickness. Therefore the zone from 30 -80 cm represents the best sample interval for intact, unfractured, uncompacted floodplain sediment. Average density in this region is 1.50 g/cc, with a confidence interval of ±0.01, so for this paper we use a bulk density of 1.5 ± 0.5 g/cc to characterize freshly deposited sediment. Average density below 80 cm depth is 1.67 g/cc, with a confidence interval of ±0.06, so sediment density at this depth and deeper could be assumed to be 1.7 ± 0.1 g/cc.
apparent decline before 1980 is most likely attributed to limited core penetration into the older, stratigraphically lower lenses of sediment within zones of high sediment accumulation rates, which often results in a large underestimate of the true thickness of these deposits. We tried culling our data set to consider only complete deposits (e.g., with lower bounds of still older sediment), but our coring depth of 80-100 cm resolved such bounded deposits of pre-1980 sediment only in areas characterized by lower accumulation rates, again depressing the apparent accumulation rates for older sediment. Therefore there may be a bias stemming from the specific locations and depths of sampling that could resolve older events in this study. However, such lower rates could also be indicative of longer-term floodplain accumulation. This may be more consistent with the preservation of floodplain features over the timescale of centuries to thousands of years.
[21] We also constructed a subset of all accumulation events that occurred within the last decade and average these as a function of distance from the channel over 1000 m; this rate is 2.27 ± 0.31 cm/a between 1993 and 2003. The decade and multidecadal rates presented here are higher than and comparable to the average floodplain accumulation rate of 1.7 cm/a independently determined by the mine tracer study [Swanson et al., 2008] .
[22] Because of the poor resolution of the dating (±3 -7 years), it is difficult to correlate individual floods discharged from the mountains to specific deposits, as is possible elsewhere . Furthermore, the available discharge record for the Strickland River is limited, both temporally (a discontinuous record starting only late in 1988) and spatially, with the record at the most relevant upstream gauging station SG4 (Figure 1 ) starting in 1999. The best record is for station SG3, located in the mountains $200 km upstream from transect 5. We use correlation with SG3 to extend the SG4 record to 1988. What limited data we have (Figure 10 ) suggest that four of the five largest floods on record occurred within 5 years of our sampling campaign, including a large flood less than three months before we began our work. Indeed, in many places throughout the floodplain we observed signs of recent overbank flow and what appeared to be freshly deposited sediment. It is encouraging that our floodplain core geochronology now identifies these exact same places as locations that have very recent deposition. It is also interesting that there are very few cases of sediment accumulation in the late 1980s and early 1990s ( Figure 9 and Table 3c), a period during which the flow record indicates relatively low discharge (the first large flood of record occurred late in 1994, with nothing before that for 5 years). Given the multiple large flood peaks in 1994 and additional flooding in 1998-2000, 2002, and 2003 , it seems mechanistically reasonable that the documented sediment accumulation rates have been relatively high over the past decade, as discussed previously. Figure 9 . Accumulation rates (event method) versus time interval. Number of events is listed in parentheses for each group. Average sediment accumulation rates do not appear to vary substantially over the past 25 years. The sedimentation rates for ''fresh'' sediment deposits tabulated in the first interval are dependent on the assumed time interval, set here at a typical dating resolution of 5 years. The dating resolution gets worse with age, as seen in the expanding date intervals. The apparent decline in rates starting in the 1970s is potentially an artifact of a data set limited by incomplete resolution of the true thickness of older sediment lenses (see text).
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[23] To facilitate comparison to other systems, we emphasize that the Strickland flow regime is far more uniform than those of temperate rivers of similar size. Moderate flooding generally lasts for months each year, although the effects of perirheic processes (inundation of the floodplain by local runoff) [Mertes, 1997] and rapid-rise floods that quickly overtop the banks and advect sediment into these perirheic zones ] are expected to be significant processes as on other tropical rivers. Therefore the larger floods that orchestrate the sediment accumulation described here do not occur every year; the sedimentation that we observe is in fact episodic and probably occurred most recently as events in 2003, 2002, $1999, and 1994 . However, because of the temporal resolution of our dating method methodology ($5 years), we focus here on decadal averages, with results also broken into 5 -10 year date ranges (Figure 9 ). [25] Although some rectification had been performed on all three images prior to their distribution, there were clear misalignments between images when viewed at a scale fine enough to resolve individual river bends. This was particularly evident on the 1990/1993 mosaic where the error was on the order of 500 m between the 1990 and 1993 portions of the image. The 1990 portion of the 1990/1993 mosaic and all of the 1972 image were rerectified to the 2000 image using a set of approximately 15 control points each and the secondorder polynomial transformation available in ArcGIS 8.3. Misalignment was not evident on the 1993 portion of the 1990/1993 mosaic, so no further rectification was performed there. Control points used for rectification included small tributary channel junctions or identifiable features on oxbow lakes that would not have moved over the time period between imagery. The error in our rectification is not particularly meaningful since it does not incorporate the errors associated with defining the position of the channel on each image. An error analysis for each set of rectified images based on the apparent migration of fixed features such as oxbow lakes is presented below.
Methods
[26] The migration analysis was performed by digitizing stream banks on each of the respective georeferenced Figure 10 . Strickland River discharge record at the SG4 station (thick line), which is located in the upper region of the lowland floodplain (Figure 1 ). Date of field campaign is marked with an asterisk. Prior to 1999, discharge was estimated at SG4 (thin line) using a power fit (r 2 = 0.58) to the discharge record at SG3, located in the mountains several hundred kilometers upstream. This correlation tends to underestimate the extremes; hence the peak flows may be too low for some events. The most significant floods, as defined by both magnitude and rate of rise in stage, occurred in 1994, 1998, 1999, and 2002 and 2003 . Data were provided by Porgera Joint Venture.
images, interpolating a centerline from the digitized banks, and then measuring the lateral offset between respective centerlines at closely spaced intervals down the channel [Lauer and Parker, 2005] (Figure 11) , even though the bed is primarily composed of gravel above channel coordinate 255 km.
[27] Banks were digitized by hand at what we judged to be the boundary between the vegetated portions of the floodplain and either bare point bar sediment or water. Banks were not drawn at the waterline since river stage likely varied between images. On large point bars, the vegetation boundary was sometimes several hundred meters landward of the water line visible on the image. On bends with multiple channels, the outermost channel course was used to define the channel. While the technique is somewhat subjective, its advantage is that the digitizer has complete control of the bank delineation process and is unlikely to make large blunders in bank position which would then propagate into our migration rate estimates. Since it is easier to identify banks than the centerline position, the method is less subjective than the alternative which would entail visually selecting points somewhere in the middle of the channel to represent the centerline.
[28] Centerline interpolation from the hand-digitized bank lines was automated to ensure as much consistency as possible. The method is described in detail by . The method defines centerline points by iteratively finding a point equidistant from the nearest point on each respective bank line and a specified distance (150 m, approximately half a channel width) downstream from the previous centerline point. The upstream-most centerline point is defined as the midpoint between the upstream ends of the two digitized bank lines. The centerline interpolation program approximates channel width at each centerline point as twice the distance between the given centerline point and the nearest point on one of the bank lines (the distance to each line is equivalent).
[29] Lateral offsets between two centerlines were measured by fitting Bezier curves between the newer and older centerlines (Figure 12 ). The curves originate at the points defining the newer centerline and are normal to both centerlines. They represent an approximate trajectory of recent migration for each point on the newer centerline. The migration rate, c, for each point is obtained by dividing the length of each best fit Bezier curve by the time interval between images.
[30] In rare cases where bends translate primarily downstream, the trajectory of outward normal migration can change direction as the bend apex passes a given channel coordinate (Figure 13a ). For such points, it would clearly be inaccurate to approximate a local migration rate simply by fitting Bezier curves between the two centerlines. Doing so would result in high predicted rates of migration near the apex, while in fact migration rate decreases near a translational bend apex.
[31] Our procedure for accounting for the shift in migration trajectory and approximating the recent migration rates near translational bend apices involves fitting a line between bend apices that represents the likely trajectory of the apex and thus also of the change in direction of lateral migration. Since it is likely that translational bends will continue translating downstream for some time in the future, we project an additional line segment of length D (= the distance between apices on the two images) past the newer bend apex (Figure 13b ). We then fit Bezier curves between the newer centerline and the projected apex translation line rather than between the newer centerline and the older centerline.
[32] When these alternative Bezier curves intersect the apex translation line segment upstream of the newer posi- 
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tion of the apex, they represent the trajectory that a given channel coordinate would have taken from the time it switched to its more recent migration direction. When these curves intersect the apex translation line downstream of the newer bend apex, they represent the likely path that the channel coordinate will take until it changes direction. It is not appropriate to compute migration rate for these trajectories by simply dividing their length by the time interval between images Dt. Instead, their length is divided by a modified time step Dt 0 = Dt (l/D), where l is the distance between the newer bend apex and the terminus of the best fit Bezier curve, to estimate the local migration rate c (c is defined as zero for the point defining the bend apex on the newer centerline).
[33] The procedure accounting for the change in migration direction at downstream translating bends was applied to six bends for the 1990/1993 to 2000/2001 analysis and to 12 bends for the 1972 to 2000/2001 analysis. Rates were computed for the rest of the system simply by dividing the length of the best fit Bezier curve by Dt. Tools for performing this analysis have been compiled into in an ArcGIS 9.1 project and are available at http://www.nced. umn.edu/Stream_Restoration_Toolbox.html. Once photographs are rectified and banks are digitized, the entire analysis for a system similar to the Strickland can be performed quickly using these tools.
Error Analysis
[34] The error in our measurements was approximated by delineating the banks and centerline of abandoned channel courses that clearly should not have shifted between images and then measuring apparent centerline offsets for these channels using the same method we applied to the main channel. The method allows for a quantification of the total error associated with both residual photograph misalignment and our interpretation of channel bank and centerline position. It provides a better estimate of error in our analysis than does the RMS error in the image rectification (which was not available for the 1993 to 2000 image in any case). In addition, error estimates developed this way probably represent an upper bound on the error in our measurements since banks were easier to identify on the active channel than along old, partially vegetated oxbow lakes.
[35] Twelve oxbow lakes and one clearly stationary tributary channel course of length similar to the oxbow lakes were selected for this analysis. The 13 stationary features were distributed evenly throughout the image and provide a total of 314 total discretized migration rate estimates. 
Results
[36] Width shows significant variability throughout the system (Figure 14) , with a minor decrease in width in the downstream direction. There does not appear to be a clear break in channel width at the present gravel/sand transition (channel coordinate 255 km).
[37] The outward normal migration rates computed for both the 1972 to 2000 and circa 1990 to 2000 data sets are strikingly similar (Table 5 ). When viewed system-wide, migration appears relatively evenly distributed throughout the Strickland, with the possible exception that the upper 80 km migrate at a somewhat lower rate than the rest of the system (Figure 15 ). Absolute outward migration averages only 1.8 m/a for the upper 80 km of the system on the basis [38] Over the short term (i.e., between channel cutoff events), channel migration generally results in the elongation of a river channel [Camporeale et al., 2005; . Elongation should be fastest where outward migration rates are high and radius of curvature is low. Since our migration measurement technique traces the trajectory of individual points along the channel, it provides a way of identifying streamwise coordinates at two separate points in time that correspond with one another. The coordinate at the second point in time is usually larger than that at the first point in time since sinuosity generally increases between cutoff events. No cutoffs were observed on the Strickland between 1972 and 2001. The identification of corresponding coordinates on each centerline allows for the measurement of the local channel elongation rate at closely spaced intervals down the channel. These rates provide a description of the short-term sinuosity increase along the channel. To the extent that sinuosity increase requires lateral migration, they provide a somewhat independent estimate of the regions within the system undergoing lateral movement. Plotting the accumulated value of these rates up the channel vs. channel position provides a description of the relative activity of the channel (Figure 15) . A region of high slope on such a plot would represent a laterally active portion of the channel. Accumulated extension plotted in this way should be relatively insensitive to errors in image rectification since measurements of total length along a given centerline should not be influenced by minor alignment errors.
[39] Both the 1972 to 2000 and the circa 1990 to 2000 data sets show a consistent channel elongation throughout the Strickland. However, the total accumulated elongation rate is larger for the 1972 to 2000/2001 analysis than for the 1990/1993 to 2000/2001 analysis, even though the mean absolute migration rate is slightly lower over the longer time period. This is easily explained by the observation that the errors between images result in much higher apparent migration over the shorter analysis period than over the longer period, lending less confidence in the measurements we made for the shorter time period. In fact, we expect that Weighted Dt refers to the time period between images for each portion of the mosaic weighted by the proportion of centerline occurring in each respective part. Average channel length is assumed to be halfway between the 1972 and 2000 lengths, 318 km.
the mean absolute migration rates we have computed are biased in the upward direction and that this bias is a directly related to the error between centerline points and inversely proportional to the time period between images. The bias is thus almost certainly higher for the 1990/1993 to 2000/2001 analysis than for the 1972 to 2000/2001 analysis. The fact that the overall elongation rate is larger for the longer period implies that migration may have actually decreased slightly after 1990 despite our (biased) absolute migration rate estimate for the later period. However, the overall magnitude of both the average absolute shifting rate and the elongation is similar for both analyses, lending confidence particularly in the results derived for the longer time period.
[40] The clear elongation observed over even the shorter time period implies that it may be possible to apply the elongation analysis to very short time periods and perhaps even identify the effects of individual large floods on lateral migration activity.
[41] In combination with an average cutoff length, the measurements of reach-wide elongation provide a way of estimating the frequency of channel cutoff. Using an average oxbow length of 5 km and the 1972 to 2000/2001 reach- implies that there may be some temporal variability in the cutoff process, with the channel undergoing continuous elongation for many years until several bends become cut off over a relatively short period [Stolum, 1996] . In any case, the clear elongation we observed points to the importance of cutoffs for maintaining a slope that is capable of transporting the sediment supplied to the river system.
Discussion
Patterns and Rates of Floodplain Accumulation
[42] One of the study goals was to estimate the total mass of sediment accumulating across floodplains along the lowland Strickland River, as this provides a major component of any estimate of the decadal-scale trapping efficiency of the basin. The challenge is how to proceed with such a limited data set. For example, we have mostly documented rates on the natural levees, within a few hundred meters of the channel, and that these rates are very high near the channel and decline sharply with distance ( Figure 7a ). The problem is that much of the area of lowland floodplain lies 1 -5 km from the channel, yet the farthest coring locations we have from the channel average around 1.5 km distance. There is definitely some accumulation at this distance, as the mine tracer study [Swanson et al., 2008] finds similar rates for other points more than 1 km from the channel, and we have evidence that tie channels are advecting sediment into some floodplain lakes (Table 2) . However, extrapolating these poorly defined distal rates across the entire area of lowland floodplain could lead to some error. Furthermore, it seems unlikely that distal floodplain accumulation rates could be higher than the $1 mm per year we documented, or the swamps and preserved fluvial features along the floodplain would infill on timescales of less than a few centuries. Without further data, the most conservative approach would be to apply the accumulation rates we have documented within 1000 m of the channel.
[43] To keep the calculation simple, we will assume that the higher accumulation rates we have documented for the six curved sections of channel are approximately balanced by the rates we have documented for the four straight sections. This follows from the qualitative observation that the length of straight channel is roughly equal to the length of curved channel, and an educated guess that these differences should all average out in our data set (this should be tested more rigorously with future fieldwork). In the migration analysis we have tracked $318 km of mobile lowland river channel that appears to be inundating its floodplain (Table 5 ). This includes $60 km of gravel bedded channel near transect 5, but we have no a priori reason to exclude this section from our analysis -indeed, some of the highest floodplain accumulation rates were observed at transect 5, which is $10 km upstream of the gravel-sand transition and therefore they may be representative of process rates throughout this gravel bedded reach. The rates appeared to be much lower for transects 3 and 4, but this may be in part because they are both straight and fairly stable. Therefore, despite all this intriguing downstream and cross-stream variability, we have decided to average all our accumulation rates over 1 km because we simply do not have sufficient data to construct a defensible reach-by-reach analysis.
[44] Our assumed 1000 m swath of sediment accumulation extends out from both sides of the channel, and therefore there will be some overlap where the channel passes very near to itself. However, inspection of Figure 11 indicates that these very high sinuosity reaches are limited and our estimates of the total area of overlap run well under 10% of the floodplain area. We suspect that these minor overestimates due to double counting of floodplain localities within 1000 m of two channel reaches will be easily compensated by our assumption of zero sediment deposition across the rest of the distal floodplain.
[45] Given these simple assumptions, the average accumulation rates of 1.64 ± 0.39 cm/a over 1 km that we reported in section 3.5, and a density of 1.5 g/cm 3 for uncompacted sediment (Table 4) , we multiply by 318 km and 2 channel sides to calculate that an annual average of 12-19 Mt of sediment accumulate across the Strickland River floodplains. This number can be adjusted by changing the channel length, sediment density, or more rigorously accounting for the distribution of curved versus straight channel reaches. Our lack of knowledge of the accumulation rates across the distal floodplain remains a challenge, but the error is not likely to be substantial. For example, an estimated Strickland valley width of $10 km and length $150 km would give an additional area of distal floodplain of $770 km 2 (once the substantial area of the 2.3-km wide zone of channel deposition is subtracted, representing two 1 km floodplain widths plus 0.3 km of channel bed). By assuming a distal floodplain accumulation rate of 1mm/a (which is higher than our measurements), we would calculate that the distal floodplain is receiving $1.2 Mt/a of sediment, which is well within the error of our estimate for accumulation on the floodplain more proximal to the channel. Therefore we conclude that the vast majority of sediment accumulation must be focused within the meander belt, biased toward the curved channel reaches. It is interesting to note that our assumed 2.3-km-wide meander belt accumulation area substantially ''fills'' the lowland floodplain area (730 out of 1500 km 2 ), highlighting the importance of the ''channel edge'' provided by sinuous rivers in modulating the rates of sediment accumulation across lowland floodplains.
Erosion and Deposition of Sediment by Channel Migration
[46] The channel migration documented in section 4 results from the erosion of material from the cut bank sides of the channel and downstream redeposition of much of this material onto the point bar sides of the channel. Because our floodplain coring transects started well landward from and above the unvegetated surface of the point bar, the processes of point bar deposition and lateral accretion appear to be largely distinct from the floodplain accumulation rate that we have documented in section 3. For example, only 2 out of 18 analyzed cores collected within 50 m of the channel bank showed evidence for a sandy point bar deposit at depth, and the X rays of all 53 study cores from this region only showed evidence in a few places for the cross-bedded stratigraphy characteristic of higher-energy point bar environments. Our floodplain cores typically contained only a few percent sand, rising to 7 -9% right at the top of bank (Figure 7b ), far less sand than found in bar deposits (>50%). Furthermore, we note that some of the highest documented accumulation rates are on the cut bank sides of the channel and that our data set is heavily biased with cores collected from this erosional side of the channel (that does not experience lateral accretion). A good portion of the material deposited over bank, then, is likely to be eroded at cut banks not long after it is deposited. We are therefore motivated to estimate the approximate magnitude of these migrationrelated erosion fluxes, which requires knowledge of the bank heights and the density of the eroded material. The averaged density of sediment below 80 cm depth is 1.7 g/cm 3 (Table 4) , and we can probably assume a little less for the coarser, less compacted material deposited on the point bar side of the river, 1.5 g/cm 3 , but it would be simplest to assume 1.6 g/cm 3 for both.
[47] If we lump the entire cut bank into a single category and consider that the eroded ''wall'' of cut bank sediment is approximately 13 m high (adding the averages for bank height and thalweg depth in Table 6 ), we estimate that 20-40 Mt of sediment are exchanged between the cut banks and the point bars every year (much of this material would likely be sandy channel deposits, overlain by the finer deposits characterized by our floodplain cores). This is a very large fraction of the total sediment discharge from the Strickland ($50%) and about twice our estimated rate for overbank sedimentation, and therefore has significant implications for the floodplain residence time of particles and associated biogeochemistry (e.g., it could in part account for the $2 ka residence time for carbon in the Strickland River system that has been documented by Alin et al. [2008] ).
[48] The high lateral migration rates also explain an apparent contradiction between mapped overbank deposition rates and the floodplain topography. Without lateral migration, in just 100 years, levee heights would grow 5.5 m, and in 1000 years, the first 1 km out from the channel bank would rise 16 m, while the entire $1500 km 2 floodplain would aggrade nearly 7 m. Actual levee heights are rather modest, about 1 to 2 m, even in straight sections (Figures 6 and 8) . Furthermore, we see well preserved scroll bars, and oxbow lakes across the entire active floodplain, features that would be buried and infilled if these deposition rates were not offset by lateral migration. If migration rates over the past several thousand years have been similar to modern rates, most if not all of the sediment deposited overbank could be resupplied to the channel at cut banks. At the modern migration rate, the channel has the potential to occupy the entire valley several times in a few thousand years (1500 km 2 floodplain divided by areal reworking rate of 318 km times 5.1 m/a = 920 year characteristic reworking time). The rates of sediment recycling by channel migration are several times higher than the flux overbank, highlighting the importance of channel deposition and exchange processes rather than floodplain deposition in modulating the storage of sediment within the lowland floodplain.
[49] The acknowledgment that much of the sediment transferred overbank is probably reworked is not inconsistent with a system that is aggrading rather slowly. Several indirect lines of evidence point toward valley aggradation rates on the order of 1 m/ka. Such a rate would be consistent with (1) the relative elevation of the scroll bar complex with respect to the distal floodplain, (2) the recent flood outflow from the Strickland River to the Mamboi River which drains into Lake Murray (Figure 2) , and (3) the possibility of downstream delta progradation, which would imply some aggradation. The apparent seaward progradation of the modern Fly delta at a rate of $6 m/a [Harris et al., 1993] implies that the lower Fly River should be aggrading (albeit slowly) if it is to maintain a bed slope capable of transporting its sediment. Following , we assume a drop of about 5 m between the junction with the Strickland and the point where the lower Fly River is no longer contained in a well defined alluvial channel, about 190 km downstream. This results in a channel slope of approximately 2.6 Â 10 À5 m/m. If the entire lower Fly River is prograding at a rate of 6 m/a, this would imply a vertical aggradation rate for the lower Fly and also presumably along much of the Strickland of order 1 -2 m/ka.
[50] Two methods for constraining aggradation rates could be pursued, although neither was possible within the scope of work that could be accomplished for this The bankfull survey location is defined as the transition from the vegetated floodplain to the unvegetated channel and is generally characterized by a sharp topographic break of a meter or more. Geometry and migration characteristics are denoted, along with the eroded incremental height (the height of the eroded cut bank minus the height of the deposited point bar). Channel thalweg depth (relative to water surface at time of survey) is also noted, where available. The eroding channel bank is consistently higher than the depositing channel bank, with an average difference of 29 cm.
project. One direct method would be to drill well below the modern bed and date the sediment to calculation accumulation rates directly. Time and resources did not allow for this exercise on our field campaign. A second method would be to systematically document the stratigraphy in river banks at low flow, surveying the height of the transition from point bar deposits (sand) to overbank deposits (mud) on both the point bar and cut bank sides of the channel. In an aggrading system, the average level of the tops of sandy point bar deposits in cut banks should be lower than the top of the modern point bar on accreting banks. A careful measurement of this difference might allow for estimates of aggradation rates over the floodplain reworking timescale. Unfortunately, time limitations as well as a mud veneer presumably laid down on the falling limb of the hydrograph immediately before our visit prevented us from making these measurements. That said, we did observe sand (presumably deposited by point bar accretion) in the few cut banks that were visible at levels only a few meters below the top of bank, which again implies that valley infill rates are far lower than our decadal-scale overbank deposition rates. (Furthermore, cut banks were not substantially higher than point bars (Table 6) ).
Channel Elongation and Levee Construction
[51] Our migration analysis has documented a $24 km increase in the channel length of the Strickland River over the 30 years of record. Over century timescales, the channel will presumably form cutoffs (as evidenced by the numerous oxbow lakes), and maintain a constant average length. If these oxbow lakes are then in filled or removed by channel migration over millennial timescales, there will be no net long-term effects on the floodplain storage and sediment flux of the Strickland River. However, over the decadal timescales considered by this paper it is interesting to evaluate the impact of channel elongation on sediment flux. At first glance, it seems that $24 km of additional channel represents a very large hole excavated into the ground, the sediment from which might represent a significant transfer of material from the floodplain to the river. However, this is not necessarily the case for at least two reasons. First, in many places along the floodplain, the channel is actively migrating into and filling old oxbow lakes, thereby replacing material previously excavated. It is thus possible that much of the material transferred to the channel through the channel elongation process is stored elsewhere in the floodplain. Second, as the channel extends, there is a net addition of sediment to the floodplain to build the adjacent levees. This volume of levee deposition (mostly silt and clay) appears to be roughly comparable (e.g., Figure 8 ) to the volume excavated to form the channel (mostly sand), which would imply a minimal impact on the total sediment storage and flux by channel elongation.
[52] Over the 30-year study period, our documented rate of floodplain accumulation along natural levees exceeds our calculated rate of sediment removal by channel elongation by approximately an order of 5. Therefore it appears likely that the channel has sufficient overbank accumulation capacity such that levee elongation could match the rate of channel elongation. A related question regards the timescale that it takes to build a natural levee to a ''mature'' dimension, and whether the Strickland River could construct such prominent features within decadal-to-century timescales. An older, mature natural levee from a stable channel section, such as that depicted in Figure 8 , has a cross-sectional area of approximately 2500 m 2 (out to a distance of 1500 m from the channel). Our calculated average accumulation rates over this distance would infill a cross-sectional area of $36 m 2 /a, and >50 m 2 /a for the case of active meander bends where the channel elongation principally occurs. At such floodplain volumetric accumulation rates we estimate that it would take less than 50 years for a river to construct a ''mature'' natural levee, the point being that large, mature natural levees can be constructed by the processes that we have documented over the timescale of the study.
Summary
[53] We have documented some ways in which the Strickland River floodplain modulates the accumulation, storage, and return of fine sediment to the river channel over decadal to century timescales. Accumulation rates are highest near the channel, especially along curved reaches, and decline sharply away from the channel and into the lower regions of distal floodplain. Rates have remained fairly constant over the past 20-25 years and may have declined before that. Our dating method, exploiting 210 Pb geochronology, suggests that sediment accumulation rate is flood driven and that the more distal portions of the floodplain can go long periods with no mineral sediment deposition. For the 318-km-long study reach, we estimate that 12-19 Mt/a of sediment is deposited on the floodplain, which is approximately 20% of the total sediment discharge (an annual loss rate of $0.05 Mt/km or 0.07%/km river length). Our rates closely match rates obtained independently using elevated metal concentrations associated with mining activity as a tracer [Swanson et al., 2008] . High lateral migration rates, averaging $5 m/a for the entire study reach for a thirty year period, however, sweep sediment back into the channel, preventing significant topographic rise, and greatly reducing the net sediment loss to the floodplain. Current long-term aggradation rate may be of the order of 1 m/ka, or less than 20% of the measured overbank deposition rate. This lateral migration causes 20 to 40 Mt/a of sediment to be exchanged with the floodplain, equivalent to $50% of the total sediment load of the Strickland. These migration rates and sediment exchanges may be one mechanism contributing to the $2 ka residence time of carbon in the Strickland River basin.
